Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by systemic joint inflammation. Although there are a large number of therapeutic resources available for the treatment of RA, methotrexate (MTX) is one of the main drugs used against this disease (Singh et al. 2016; Smolen et al. 2017) . MTX has multiple mechanisms of action that alleviate clinical symptoms in patients with RA, including the inhibition of inflammatory cell proliferation, interference with T cell activity, and cytokine secretion (Chan and Cronstein 2002) . Despite this, MTX therapy is not always the best choice as it can have several side effects such as liver enzyme abnormalities, alopecia, gastrointestinal events, hematological events, hypertension, infection, interstitial pneumonia, mucocutaneous events, myocardial infarction, and rashes (Lopez-Olivo et al. 2014) . From the view of pulmonary involvement, MTX treatment can induce interstitial pneumonia (MTX-IP) and can be a risk factor for Pneumocystis jirovecii pneumonia (PCP) (Hashimoto et al. 2017) . Meanwhile, RA-associated interstitial pneumonia (RA-IP) is a well-known manifestation of RA and its prevalence has been reported to be between 4 and 50% (Zou et al. 2012; Norton et al. 2013; Richman et al. 2013 ). In the clinical setting, RA-IP, MTX-IP, and PCP, and especially PCP developed during MTX treatment (MTX-PCP), are sometimes hard to distinguish.
The interleukin-2 receptor (IL-2R) complex is comprised of α (CD25), β (CD122), and common γ (CD132) chains expressed on the surface of T cells (Turka and Walsh 2008) . Of these, IL-2Rα expression is increased with T cell activation. IL-2Rα is released by T cells as a soluble form and is called soluble IL-2 receptor (sIL-2R). Serum sIL-2R is considered a marker of T-cell activation , and it has been reported as a marker for diseases such as cancer, infections, drug-induced side effects, and autoimmune inflammation including RA and PCP (Reddy and Grieco 1988; Takahashi et al. 1991; Tanaka et al. 2002; Chodorowska et al. 2003; Witkowska 2005; Thi Hong Nguyen et al. 2017 ). However, whether sIL-2R can be used as a marker for patients with MTX-PCP and MTX-IP has not been investigated. In the present study, we examined the potential use of serum sIL-2R as a marker to differentiate between MTX-IP and MTX-PCP.
Methods

Patients
We retrospectively enrolled 78 patients who had visited hospitals associated with our group (Nagasaki University Hospital, Oita University Hospital, University of Occupational and Environmental Health Hospital, Nagasaki Harbor Medical Center, Nagasaki Medical Center, and Sasebo Chuo Hospital) between 2003 and 2017. Patients with RA fulfilled ACR/EULAR RA criteria 2010 (Aletaha et al. 2010) . They included the following: 20 cases of PCP during MTX treatment for RA (MTX-PCP group), 30 cases of MTX-induced interstitial pneumonia in patients with RA (MTX-IP group), 16 cases of RA-IP (RA-IP group), 13 cases of PCP including non-RA patients or RA patients without MTX treatment (PCP group). The PCP group included the following: five patients with malignant tumors undergoing chemotherapy, three cases of non-RA connective tissue disease, two cases with RA but without MTX treatment, two cases with idiopathic interstitial pneumonia, and one case that was human immuno-deficiency virus-positive. PCP was defined based on the following criteria: (1) respiratory symptoms, (2) occurrence of new bilateral infiltrates upon chest radiograph or chest high-resolution computed tomography (HRCT), (3) detection of Pneumocystis jirovecii (P. jirovecii) by traditional staining (Grocott, Diff-Quik or Giemsa staining) or by PCR in respiratory specimens, and (4) significantly elevated plasma β-D-glucan levels. MTX-PCP was defined by a PCP diagnosis in patients with RA treated with MTX. MTX-IP was defined by the following criteria: (1) patients who were receiving MTX before the onset of respiratory symptoms, (2) occurrence of new bilateral infiltrates upon chest radiograph or HRCT, and (3) exclusion of infection, especially PCP, through intensive diagnostic procedures such as bronchoscopy or examination of sputum, and measurement of plasma β-D-glucan. RA-IP was defined based on the following: (1) diagnosis of RA, (2) presence of IP detected by HRCT, and (3) absence of infections or drug-induced pneumonia.
The study protocol was approved by the Human Ethics Review Committee at Nagasaki University Hospital, and all participants provided written, informed consent before enrolment.
Data collection
All data, including arterial blood gas analyses and Krebs von den Lungen 6 (KL-6), a marker of interstitial pneumonia, as well as bronchoalveolar lavage fluid (BALF) findings, were obtained from medical records. Patients were not under treatment for PCP or MTX-IP with systemic steroids and/or immunosuppressants at the time of sample collection. The alveolar-arterial oxygen difference (A-aDO 2 ) was approximated based on the following expected values of the fraction of inspired oxygen in patients without mechanical ventilation: room air = 0.21; nasal cannula: 1 L/min = 0.24, 2 L/min = 0.28, 3 L/min = 0.32, 4 L/min = 0.36, 5 L/min = 0.40; mask: 5 L/min = 0.40, 6 L/min = 0.50, 7 L/min = 0.60; reservoir mask: 6 L/min = 0.60, 7 L/min = 0.70, 8 L/min = 0.80, 9 L/min = 0.90, and 10 L/min = 0.99 (Hara et al. 2011) . PaO 2 and PaCO 2 were measured by the analysis of arterial blood gas.
The HRCT findings were reviewed separately in random order by two independent observers who were not aware of the patients' profiles. The HRCT data were categorized into five previously established patterns (Silva and Muller 2006; Kakugawa et al. 2013; Travis et al. 2013) as follows: (1) hypersensitivity pneumonia (HP), (2) organizing pneumonia (OP), (3) nonspecific interstitial pneumonia, (4) diffuse alveolar damage, and (5) usual interstitial pattern. Following the initial independent evaluations, divergent observations were resolved by consensus after consultation between the two observers. The extent of visual ground glass opacity or consolidation was determined by visually estimating the extent in the upper, middle, and lower zones of each lung based on the percentage of the lung field that showed each abnormality in each zone (estimated to the nearest 10% of parenchymal involvement) according to the previous reports of Johkoh et al. (2002) and Sumikawa et al. (2006) . The upper zone was defined as the area above the level of the carina, the lower zone as the area below the level of the inferior pulmonary vein, and the middle zone as the area between the upper and lower zones. Overall percent involvement was obtained by averaging the six lung zones.
Statistical analysis
All values are expressed as the median and inter-quartile range (IQR). Differences among groups were determined using the Kruskal-Wallis test for continuous variables. If a significant difference was found using the Kruskal-Wallis test, multiple comparisons were performed using the Dunn test. Correlations between parameters were determined based on the Spearman's rank correlation coefficient. The upper left corner coordinate point of the receiver operating characteristic (ROC) curve was used to determine the optimum cutoff level to discriminate between the PCP group and the other groups. Statistical significance was defined as p < 0.05.
Results
Patient characteristics
Patient characteristics are shown in Table 1 . Differences in sex, age, and duration of the underlying disease were not significant among groups. The dosage of MTX treatment was similar between MTX-IP and MTX-PCP groups. In addition, there was no significant difference in the fre-quency of corticosteroid or biological agents for underlying diseases among the four groups. Anti-PCP prophylaxis using antibiotic sulfamethoxazole-trimethoprim was performed on only two patients: one PCP patient and one patient with MTX-IP (Table 1) .
Laboratory findings
The laboratory findings of each group are shown in Table 2 . No significant differences in white blood cell counts were seen among the groups. Lymphocyte counts and immunoglobulin G levels in PCP and MTX-PCP groups were lower than those in the RA-IP group. C-reaction protein (CRP) and A-aDO 2 in the MTX-PCP group were higher than those in the RA-IP and MTX-IP groups. Lactate dehydrogenase (LDH) in the RA-IP group was lower than that in the other groups. KL-6 was not dif- ferent among any groups. sIL-2R in the MTX-PCP group was higher than that in the other groups (Fig. 1) . BALF findings showed that the percentage of lymphocytes in the MTX-IP group was higher than that in the RA-IP and MTX-PCP groups, whereas the percentage of eosinophils in the MTX-IP group was higher than that in the PCP group. Further, the CD4/CD8 ratio in the MTX-IP group was higher than that in the RA-IP and PCP groups, whereas the ratio in the MTX-PCP group was higher than that in the PCP group. Table 3 shows the HRCT patterns of each group. The pattern of hypersensitivity pneumonia (HP) was the most frequent finding among PCP, MTX-IP, and MTX-PCP groups, whereas the RA-IP group predominantly showed the pattern of organizing pneumonia (OP). The OP pattern was the second-most frequent pattern in the MTX-IP group.
HRCT patterns
Receiver operating characteristic curve
We next evaluated the sensitivity and specificity of HP 0 (0.0%) 10 (76.9%) 19 (63.3%) 16 (80.0%) OP 9 (56.3%) 0 (0.0%) 9 (30.0%) 0 (0.0%) NSIP 3 (18.8%) 2 (15.4%) 2 (6.7%) 2 (10.0%) DAD 0 (0.0%) 1 (7.7%) 0 (0.0%) 2 (10.0%) UIP 4 (25.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) Fig. 2 shows the ROC curves for several markers (A-aDO2, CRP, sIL-2R, and KL-6) in patients of the MTX-PCP group and in the other groups. The areas under the ROC curve (AUC) for A-aDO2, CRP, sIL-2R, and KL-6 were 0.894, 0.856, 0.917, and 0.539, respectively. Levels of sIL-2R were more sensitive than other markers and showed the largest AUC.
Based on the ROC curve, the cut-off level of sIL-2R that resulted in the highest diagnostic accuracy for MTX-PCP was 1,311.5 U/mL. This value was found to discriminate between the MTX-PCP group and other groups with 91.7% sensitivity and 78.6% specificity.
Correlations between sIL-2R and clinical parameters in each group
To clarify the significance of the observed elevated levels of sIL-2R, correlations between sIL-2R levels and clinical parameters in each group were analyzed ( Table 4) . Levels of sIL-2R in the MTX-IP group showed significant positive correlations with the dosage of MTX treatment and β-D-glucan levels and negative correlations with IgG and the percentage of macrophages in the BALF. In contrast, levels of sIL-2R in the MTX-PCP group showed a significant positive correlation with the value of A-aDO2. In addition, levels of sIL-2R in the RA-IP group showed a significant positive correlation with CRP and negative correlations with the percentage of macrophages and the percent- The cut-off level of soluble IL-2 receptor (sIL-2R) that resulted in the highest diagnostic accuracy for the MTX-associated PCP (MTX-PCP) group was 1,311.5 U/ml. This value was found to discriminate between the MTX-PCP group and the other groups with 91.7% sensitivity and 78.6% specificity. The use of serum sIL-2R levels for the diagnosis of MTX-PCP resulted in the largest area under the curve (AUC, 0.917) when compared to that based on A-aDO2, CRP, and KL-6. age of neutrophils in the BALF.
Discussion
The present study showed elevated levels of serum sIL-2R in patients with PCP during MTX treatment for RA compared to those in MTX-IP and RA-IP groups, as well as in patients with PCP without MTX treatment. These diseases are important and difficult to distinguish in RA patients treated with MTX. This is the first report to show that serum sIL-2R could be a marker to discriminate MTX-PCP from MTX-IP.
Serum sIL-2R levels have been reported as a disease marker of RA. Serum sIL-2R levels were found to be related to disease duration (Tebib et al. 1995) , and a decline in sIL-2R concentration might result from joint improvement ). It has been reported that sIL-2R levels are significantly reduced in RA patients receiving a low dose of MTX (Polisson et al. 1994; Spadaro et al. 1997 ). In addition, baseline and serial serum sIL-2R levels in patients with sarcoidosis correlate with improvements in lung function during MTX treatment (Vorselaars et al. 2015) . These results suggest that sIL-2R represents the activity of RA, and that MTX treatment usually inhibits T cell activation and decreases sIL-2R levels in RA patients.
In contrast, it has also been reported that serum sIL-2R levels are increased in acquired immunodeficiency syndrome (AIDS) patients with PCP (Reddy and Grieco 1988) . In the present study, serum sIL-2R levels were higher in all groups, suggesting that T cells were activated to some degree in RA-IP, PCP, MTX-IP, and MTX-PCP groups. However, serum sIL-2R levels were significantly higher in the MTX-PCP group compared with those in other groups. Furthermore, ROC curve analysis demonstrated that sIL-2R had the highest AUC discriminating between the MTX-PCP group and the other groups. These results suggest that serum sIL-2R levels could be a candidate marker to distinguish MTX-PCP from other diseases. We further analyzed the correlation between sIL-2R levels and clinical parameters to determine the pathogenesis of increased sIL-2R levels in each group. Serum levels of sIL-2R in the MTX-PCP group were significantly correlated with A-aDO2 values. This indicates that levels of sIL-2R correspond to disease severity in MTX-PCP.
We next sought an explanation for the observed higher levels of sIL-2R in the MTX-PCP group compared with those in other groups. Higher levels of sIL-2R in the MTX-PCP group, as compared with those in the PCP group, suggest that T cells in the lungs are more activated by PCP in response to MTX treatment, rather than PCP alone. It has been reported that MTX induces the apoptosis of activated T cells (Genestier et al. 1998 ) and that short-term MTX treatment reduces peripheral T cells in RA patients (Wascher et al. 1994) . In contrast, long-term treatment with MTX significantly increases CD3+ and CD4+ peripheral T cells (Weinblatt et al. 1988 ). CD4+ T cells play a pivotal role in the pathogenesis of PCP (Hoving and Kolls 2017) .
In an animal model of PCP, CD25−CD4+ T cells were found to induce acute lethal pneumonia, whereas CD25+CD4+ T cells have been suggested to be recruited to the lungs to suppress hyper-inflammation driven by PCP (Hori et al. 2002; McKinley et al. 2006 ). These reports might indicate that CD25−CD4+ T cells activated by MTX treatment for RA excessively responded to PCP and cause hyper-inflammation, whereas CD25+CD4+ T cells, the source of sIL-2R, might protect the lung from hyper-inflammation and result in increased sIL-2R levels in MTX-PCP. This is consistent with a report that PCP in non-AIDS patients is associated with smaller numbers of PCP organisms and a greater number of inflammatory cells in the BALF compared to those in AIDS patients (Limper et al. 1989) . Recently, Shimada et al. (2018) reported the differences in PCP between patients with RA and other connective tissue diseases. They reported that almost all PCP in RA patients receiving MTX alone was P. jirovecii PCRnegative in respiratory specimens and associated with higher CRP levels suggesting that small amounts of P. jirovecci induce stronger inflammation in RA patients receiving MTX alone. Based on the previous report (Shimada et al. 2018 ) and the present study, synergistic factors including MTX therapy, the existence of P. jirovecii, and RA itself might induce severe inflammation resulting in higher serum sIL-2R levels in the MTX-PCP group.
The present study has several limitations. First, the study cohort was small, and the design was retrospective. Second, the diagnosis of PCP was mainly based on elevated levels of β-D-glucan and the detection of P. jirovecii by PCR. Although β-D-glucan is a useful serological marker for PCP diagnosis (Li et al. 2015; Song et al. 2016 ), colonization by P. jirovecii, as detected by a PCR method, has also been reported (Alanio and Bretagne 2017). Mori et al. (2009) reported that 10.9% of asymptomatic carriers of P. jirovecii could be identified by PCR using the sputum or BALF of patients with RA, all of whom had received MTX. These results suggest that the MTX-PCP group in the present study might include the individuals colonized by P. jirovecii. Further prospective studies with more precise diagnostic criteria for PCP will be needed to clarify the role of serum sIL-2R in MTX-PCP.
Overall, our study demonstrates that MTX-PCP is associated with increased systemic inflammation, severe hypoxemia, and higher sIL-2R levels, as compared with those in MTX-IP cases. Further, serum sIL-2R levels could be useful for the differential diagnosis of MTX-PCP and MTX-IP, which otherwise have similar characteristics.
